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(54) Fuel permeation resistant fuel tank

(57) A fuel permeation resistant fuel tank (10) for a
vehicle includes a tank shell (12) having a wall formed
from a plurality of layers (30,32,34,36,38,40). The layers
(30,32,34,36,38,40) include at least an inner layer (30),

an outer layer (40) and a fuel permeation barrier layer
(34) disposed between the inner layer (30) and the outer
layer (40) and being made of a liquid crystalline polymer
(LCP) material.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to fuel
tanks for vehicles and, more particularly, to a fuel per-
meation resistant fuel tank for a vehicle.

BACKGROUND OF THE INVENTION

[0002] It is known to provide a fuel tank such as a plas-
tic fuel tank in a vehicle to hold fuel to be used by an
engine of the vehicle. In some vehicles, the plastic fuel
tank has a fuel permeation barrier made of an ethylene
vinyl alcohol copolymer (EVOH). While EVOH is effec-
tive against permeation of pure hydrocarbon fuels, it has
a high permeability when used with alcohol containing
fuels.
[0003] One commercial approach to resolve this con-
cern regarding permeation is to thicken the walls of the
fuel tank, which increases the weight, cost and reduces
fuel capacity of the fuel tank. Therefore, it is desirable
to provide a fuel tank for a vehicle that has a more ef-
fective fuel permeation barrier to prevent evaporative
emission. It is also desirable to provide a fuel permea-
tion resistant fuel tank for a vehicle that significantly re-
duces evaporative emissions.

SUMMARY OF THE INVENTION

[0004] It is, therefore, one object of the present inven-
tion to provide a new fuel permeation resistant fuel tank
for a vehicle.
[0005] It is another object of the present invention to
provide a fuel tank that significantly reduces evaporative
emissions in comparison to EVOH plastic tanks.
[0006] To achieve the foregoing objects, the present
invention is a fuel permeation resistant fuel tank for a
vehicle including a tank shell having a wall formed from
a plurality of layers. The layers include at least an inner
layer, an outer layer and a fuel permeation barrier layer
between the inner layer and the outer layer and being
made of a liquid crystalline polymer (LCP) material.
[0007] One advantage of the present invention is that
a fuel permeation resistant fuel tank is provided for a
vehicle that has a more effective fuel permeation barrier
leading to less evaporative emissions. Another advan-
tage of the present invention is that the fuel permeation
resistant fuel tank uses liquid crystalline polymer (LCP)
as the material for the barrier layer. Yet another advan-
tage of the present invention is that the LCP adds high
strength and stiffness to the fuel tank and is a good can-
didate for high pressure fuel vessels as compared to
EVOH. Still another advantage of the present invention
is that the fuel permeation resistant fuel tank uses LCP
as the barrier layer, which has low permeation to fuels
and very high modulus and strength. A further advan-
tage of the present invention is that the use of these ma-

terials in a plastic fuel tank leads to a lighter tank.
[0008] Other objects, features, and advantages of the
present invention will be readily appreciated, as the
same becomes better understood, after reading the
subsequent description taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a perspective view of a fuel perme-
ation resistant fuel tank, according to the present inven-
tion.
[0010] Figure 2 is a sectional view taken along line
2-2 of Figure 1.
[0011] Figure 3 is a table of material properties before
and after exposure to fuels at 40…C.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0012] Referring to the drawings and in particular Fig-
ures 1 and 2, one embodiment of a fuel permeation re-
sistant fuel tank 10, according to the present invention,
is shown for a vehicle (not shown). The fuel permeation
resistant fuel tank 10 includes a tank shell 12. In the em-
bodiment illustrated, the tank shell 12 is of a generally
rectangular type. The tank shell 12 includes a first or
lower half shell 14 and a second or upper half shell 16.
The lower half shell 14 has a base wall 18 and a side
wall 20 around a periphery of the base wall 18 and ex-
tending generally perpendicular thereto. The side wall
20 has a flange 22 extending outwardly and generally
perpendicular thereto. The upper half shell 16 has a
base wall 24 and a side wall 26 around a periphery of
the base wall 24 and extending generally perpendicular
thereto. The side wall 26 has a flange 28 extending out-
wardly and generally perpendicular thereto. The flanges
22 and 28 of the lower half shell 14 and upper half shell
16, respectively, are joined together to form a seam by
suitable means such as by thermoforming, compression
molding or friction welding. The lower half shell 14 and
upper half shell 16 are made of a rigid material such as
a thermoformable plastic.
[0013] Referring to Figures 1 and 2, the fuel permea-
tion resistant fuel tank 10 has the base walls 18,24, side
walls 20,26, and flanges 22,28 formed from a plurality
of layers 30,32,34,36,38,40. The first or inner layer 30
is made from a thermoformable polymer such as a high
density polyethylene (HDPE), which is a conventional
material known in the art. The first layer 30 has a pre-
determined thickness of approximately two millimeters
(2.00 mm). The first layer 30 also has a predetermined
percentage of the material weight such as approximate-
ly 42%.
[0014] The second layer 32 is made from an adhesive
such as maleated polyethylene (ADMER Grade GT6A),
which is a conventional material known in the art. The
second layer 32 has a predetermined thickness of ap-
proximately 0.07 mm. The second layer 32 also has a
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predetermined percentage of the material weight such
as approximately 1.5%.
[0015] The third layer 34 is a barrier layer made from
a liquid crystalline polymer (LCP). LCPs are thermoplas-
tics that have rod like molecular structures. More spe-
cifically, LCPs are aromatic polymers with amides, imi-
des ethers, or esters functionality such as Vectra LCP
resin from Ticona or Celenese, Dupont Zenite resins
and Amoco Xyder resins, which are conventional mate-
rials known in the art. The LCPs have very high strength
and excellent resistance to high temperatures. The
LCPs also orient on a molecular level during extrusion
or molding or if the material is drawn during blow mold-
ing or vacuum forming. The third layer 34 has a prede-
termined thickness of approximately 0.11 mm. The third
layer 34 also has a predetermined percentage of the
material weight such as approximately 3.0%.
[0016] The fourth layer 36 is made from an adhesive
such as maleated polyethylene (ADMER Grade GT6A),
which is a conventional material known in the art. The
fourth layer 36 has a predetermined thickness of ap-
proximately 0.07 mm. The fourth layer 36 also has a pre-
determined percentage of the material weight such as
approximately 1.5%.
[0017] The fifth layer 38 is made from a one hundred
percent (100%) regrind of a high density polyethylene
(HDPE), which is a conventional material known in the
art. The fifth layer 38 has a predetermined thickness of
approximately 1.5 mm. The fifth layer 38 also has a pre-
determined percentage of the material weight such as
approximately 32%.
[0018] The sixth or outer layer 40 is made from a ther-
moformable polymer such as a high density polyethyl-
ene (HDPE), which is a conventional material known in
the art. The sixth layer 40 has a predetermined thick-
ness of approximately one millimeter (1.00 mm). The
sixth layer 46 also has a predetermined percentage of
the material weight such as approximately 20%. It
should be appreciated that the layers 30,32,34,36,38,40
have a total thickness of approximately 4.75 mm.
[0019] In manufacturing the fuel permeation resistant
fuel tank 10, several conventional processes may be
used. Preferably, the fuel permeation resistant fuel tank
10 is formed by a conventional thermoforming process
wherein the layers 30,32,34,36,38,40 can be thermofor-
med as a coextruded sheet by heat and pressure. In an-
other embodiment, the fuel permeation resistant fuel
tank 10 is formed by a conventional extrusion process
wherein the third layer 34 is extruded as a separate layer
that can be incorporated into the multi-layer structure. It
should be appreciated that another way of taking advan-
tage of the resistance of the third layer 34 to alcohol con-
taining fuels, natural gas or hydrogen is to use them as
a second barrier in the fuel tank 12 with EVOH used as
the first barrier.
[0020] Referring to Figure 3, a table of permeability
constant, equilibrium fuel uptake, and mechanical prop-
erties of HDPE, EVOH, and LCP before and after expo-

sure to fuels at 40…C is shown. The table shows perme-
ation constants and other pertinent properties when
HDPE, EVOH and LCP are exposed to various fuels,
and compares the effects to those experienced by the
barrier material EVOH. The permeability of EVOH to
pure hydrocarbon is extremely low. For this fuel, EVOH
is one of the most effective barriers. However, when al-
cohol is introduced into the fuel, the permeability of
EVOH is compromised as illustrated in the table. Per-
meability constant of EVOH in pure gasoline is 0.006 g-
mil/100 sq. in-day. In fuels containing 15% and 85%
methanol, the permeability constant jumps to 22 and 52
g-mil/100 sq. in-day, respectively. The deterioration in
permeation effectiveness is also reflected by the higher
equilibrium fuel uptake when EVOH is exposed to the
fuels at 40…C. The uptake goes from 0.3% in fuel C to
9.8% in 15/85 methanol/fuel C blend. It should be ap-
preciated that appreciable decreases in modulus and
yield strength are also observed.
[0021] As illustrated in the table in Figure 3, the LCPs
have low permeation to fuel C (0.022 g-mil/100 sq. in-
day), and to methanol containing fuel (0.41 and 0.65 g-
mil/100 sq. in-day for 85/15 and 15/85 fuel C/methanol
blend, respectively). The LCP's tensile modulus, as re-
ceived, of 1830 kPSI is five times higher than the EVOH,
and 48 times higher after the polymers have been
soaked in 85/15 fuel C/methanol. The yield strength of
the LCP shows the same superiority over EVOH espe-
cially after fuel soak.
[0022] In another embodiment, the fuel permeation
barrier fuel tank 10 may include a second fuel permea-
tion barrier layer (not shown) disposed between the in-
ner layer 30 and the outer layer 40. The second perme-
ation barrier layer is made of an ethylene vinyl alcohol
(EVOH) copolymer material and is disposed between
the inner layer 30 and the fuel permeation barrier layer
34.
[0023] Accordingly, LCPs are very low permeation
materials for preventing permeation of non-polar hydro-
carbon fuels and fuels containing polar additives such
as methanol for the barrier layer in fuel tanks. The very
high modulus and high strength of the LCPs even after
exposure to fuels makes the LCPs a candidate for high
pressure containers or vessels used for storing gaseous
fuels such as hydrogen, natural gas, methane, propane,
etc. These LCPs provide excellent permeation resist-
ance to fuels when used in a fuel tank containing pure
hydrocarbon fuels and are superior to EVOH in fuels
containing alcohol, such as methanol or ethanol.
[0024] The present invention has been described in
an illustrative manner. It is to be understood that the ter-
minology, which has been used, is intended to be in the
nature of words of description rather than of limitation.
[0025] Many modifications and variations of the
present invention are possible in light of the above
teachings. Therefore, within the scope of the appended
claims, the present invention may be practiced other
than as specifically described.
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Claims

1. A fuel permeation resistant fuel tank (10) for a ve-
hicle comprising:

a tank shell (12) having a wall formed from a
plurality of layers (30,32,34,36,38,40);
said layers (30,32,34,36,38,40) comprising at
least an inner layer (30), an outer layer (40) and
a fuel permeation barrier layer (34) disposed
between said inner layer (30) and said outer
layer (40) and being made of a liquid crystalline
polymer (LCP) material.

2. A fuel permeation resistant fuel tank (10) as set forth
in claim 1 wherein said inner layer (30) and said out-
er layer (40) are made of a polyethylene material.

3. A fuel permeation resistant fuel tank (10) as set forth
in claim 1 including a regrind layer (38) disposed
between said inner layer (30) and said outer layer
(40) and being made of a regrind material.

4. A fuel permeation resistant fuel tank (10) as set forth
in claim 3 wherein said regrind layer (38) material
is a polyethylene material.

5. A fuel permeation resistant fuel tank (10) as set forth
in claim 3 including a first adhesive layer (32) dis-
posed between said regrind layer (38) and said in-
ner layer (30).

6. A fuel permeation resistant fuel tank (10) as set forth
in claim 5 wherein said first adhesive layer (32) is
disposed between said fuel permeation barrier lay-
er (34) and said inner layer (30).

7. A fuel permeation resistant fuel tank (10) as set forth
in claim 6 including a second adhesive layer (36)
disposed between said regrind layer (38) and said
fuel permeation barrier layer (34).

8. A fuel permeation resistant fuel tank (10) as set forth
in claim 2 wherein said LCP material is an aromatic
polymer with one of an amide, imide, ether or ester.

9. A fuel permeation resistant fuel tank (10) as set forth
in claim 1 wherein said inner layer (30) and said out-
er layer (40) are made of a high density polyethyl-
ene material.

10. A fuel permeation resistant fuel tank (10) as set forth
in claim 1 wherein said fuel permeation barrier layer
(34) has a weight percent of approximately 3.0.

11. A fuel permeation resistant fuel tank (10) as set forth
in claim 1 wherein said outer layer (40) has a thick-
ness less than said inner layer (30).

12. A fuel permeation resistant fuel tank (10) for a ve-
hicle comprising:

a tank shell (12) having a wall formed from a
plurality of layers (30,32,34,36,38,40);
said layers (30,32,34,36,38,40) comprising at
least an inner layer (30) and an outer layer (40);
and
a fuel permeation barrier layer (34) disposed
between said inner layer (30) and said outer
layer (40) and being made of a liquid crystalline
polymer (LCP) material comprising an aromatic
polymer with one of an amide, imide, ether or
ester.

13. A fuel permeation resistant fuel tank (10) as set forth
in claim 12 wherein said inner layer (30) and said
outer layer (40) are made of a polyethylene materi-
al.

14. A fuel permeation resistant fuel tank (10) as set forth
in claim 14 wherein said polyethylene material is a
high density polyethylene.

15. A fuel permeation resistant fuel tank (10) as set forth
in claim 12 including a regrind layer (38) disposed
between said inner layer (30) and said outer layer
(40) and being made of a regrind material.

16. A fuel permeation resistant fuel tank (10) as set forth
in claim 15 including a first adhesive layer (32) dis-
posed between said regrind layer (38) and said in-
ner layer (30) and said outer layer (40).

17. A fuel permeation resistant fuel tank (10) as set forth
in claim 16 wherein said first adhesive layer (32) is
disposed between said fuel permeation barrier lay-
er (34) and said inner layer (30).

18. A fuel permeation resistant fuel tank (10) as set forth
in claim 17 including a second adhesive layer (36)
disposed between said regrind layer (38) and said
fuel permeation barrier layer (34).

19. A fuel permeation resistant fuel tank (10) as set forth
in claim 12 wherein said inner layer (30) and said
outer layer (40) have a thickness greater than said
fuel permeation barrier layer (34).

20. A fuel tank (10) for a vehicle comprising:

a tank shell (12) having a wall formed from a
plurality of layers (30,32,34,36,38,40);
said layers (30,32,34,36,38,40) comprising at
least an inner layer (30) and an outer layer (40)
comprising a polyethylene material; and
a fuel permeation barrier layer (34) comprising
a liquid crystalline polymer material disposed
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between said outer layer (40) and said inner
layer (30), wherein said inner layer (30) and
said outer layer (40) have a thickness greater
than said fuel permeation barrier layer (34).

21. A fuel permeation barrier fuel tank (10) for a vehicle
comprising:

a tank shell (12) having a wall formed from a
plurality of layers (30,32,34,36,38,40);
said layers (30,32,34,36,38,40) comprising at
least an inner layer (30) and an outer layer (40);
and
a first fuel permeation barrier layer (34) dis-
posed between said inner layer (30) and said
outer layer (40) and being made of a liquid crys-
talline polymer material and a second fuel per-
meation barrier layer (34) disposed between
said inner layer (30) and said outer layer (40)
and being made of a ethylene vinyl alcohol ma-
terial.

22. A high pressure container (10) for storing gaseous
fuel comprising:

a tank shell (12) having a wall formed from a
plurality of layers (30,32,34,36,38,40);
said layers (30,32,34,36,38,40) comprising at
least an inner layer (30), an outer layer (40) and
a fuel permeation barrier layer (34) disposed
between said inner layer (30) and said outer
layer (40) and being made of a liquid crystalline
polymer material.
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